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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 
The present application claims the benefit of the fibig date of U.S: provisional 
patent application serial no. 60/183.546. attorney docket no. 25791.10. filed on 
5 2/18/2000. the disdosure of which is incorporated herein by refefer«se. 

This application is a continuation-in-part of U.S. Serial No. 09/559,122. attorney 
dodtet number 25791.23.02, filed on 4/26/2000, which claimed the benefit of the filing 
date of U.S. provisbnal patent appGcation serial numtwr 60/131,106, filed on 
4/26/1999, which was a contini^on-in-part of U.S. patent application serial number 
10 09/523.480. attorney docket number 25791. 11. 02, filed on 3/1 0/2000, which daimed 
the benefit of the filing date of U.S. provisional patent application serial no. 60/124,042, 
filed on 3/11/1999, which was a ccintinuatran-in-part of U.S. patent application serial 
number 09/510,913, attorney docket number 25791.7.02. which claimed the benefit of 
the fiBng date trf U.S. provistonal patent application serial number 60/121.702. filed on 
15 2/25/1999, which was a continuatioo-inisart of U.S. patent application serial number 
(»/502.35b. attorney docket number 25791 .8.02, filed on 2/10/2000, which daimed the 
benefit of the filing date of U.S. provisional patent application serial number 
60/119,611. attorney docket number 25791.8. ffled on 2/11/1999. which was a 
obntinuatlon-ln-part- of U.S. patent application serial number 09/454.139, attorney 
20 docket mimber 25791.3.02, filed on 12/3/1999. which da^ed the benefit of the filing 
date of U.S. provisional patent appfication serial number 60/111,293, fOed on 
12/7/1998. 

The present appScaUon is related to the following U.S. patent appllcatkins: (1) 
utility patent application number ■ attorney docket number 25791 !9.02. 

25 filed on 11-16-1999. whteh claimed the benefit of the filing date of provisional patent 
application number 60/108,558, attorney docket liumbeC 25791.9, filed on 1 1-16-1998; 

(2) utiHty patent applicatwn number , attorney dock^ number 25791 .3.02, 

filed on 12-^1999. whfch daimed the benefit of the filing date of provisional patent 
applteatton number 60/111.293. attorney docket number 25791.3. filed on 12-7-1998; 

30 (3) utility patent application number . . . attorney docket number 

25791.8.02. filed on 2-10^2000, which daimed the benefit of the filing date of 
provisional patent applicatfon number 60/119.611, attorney dodtet number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121,702, attorney- 
docket number 25791.7. filed on 2-25-1999; (5) provisional patent application number 

35 60/121.841. attorney docket number 25791.12, filed on 2-26-1999; (6) provisional 
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patent application number 6(V121.907, attorney docket number 25791.16. filed on 2- 
26»1999-, (7) provisional patent api^lcation number 60/124,042. attorney docket nurtiber 
2S781.11, filed on 3-11-1999; (8) provisional patent application number 60/131,106. 
attorney docket number 25791 .23. filed on 4-26-1999; (9) provisional patent appUcation 

5 number 60/137.998, attorney docket number 25791.17. filed on 6-7-1999; (10) 
provlskHial patent application number 60/143,039, attorney docket number 25791.26, 
filed on 7-9-1999; (11) provlstonal patent application number 60/146.203. attorney 
docket number 25791.25, filed on 7-29-1999; (12). provisional patent applicatfen 
number . attorney docket number 25791.29. filed on 9-16-1999; (13) 

10 provisional patent application number . attorney docket number 

25791.34, filed an 10-12-1999; (14) provisional patent application number , — — , 

attorney docket number 25791.36. filed on 10-12-1999; (13) provisional patent 
appiteation number 60/159,033. attorney docket nuntoer 25791.37. filed on 10-12- 
1999; (15) provisional patent application number . attorney docket 

15 number25791.27. filed on 11-01-1999. 

Applicants Incorporate by reference tiie disctosures of these appttcations. 

Background of tiie Invention 
This invention relates generally to vi«llbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

20 Convar^tk>nally, when a wellbore Is created, a fMjmber of casings are Inrtalled In 

ttie borehole to prevent collapse of tiie borehole wall and to prevent undeslred outfiow 
of drinirig fluid Into ttie formation or Inflow of fluW from the fwmation Into tiie borehole. 
The borehole Is drilled In Intervals vtrhereby a casing v»htoh is to be Installed Iri .a tower 
borehole intenrail Is lowered through a previously installed casing of an upper borehole 

25 interval. As a consequence of tills procedure ttte casing of tiie tower Interval Is of 
smaller diam^r than tiie easing of ttie upper interval. Thus, tiie casings are In a . 
nested arrangement wtth casing diameters decreasing in downward direction. Cement 
annull are pirovlded betweien tiie outer surfaces of ttie casings and the borehole wall to 
seal tite casings finom the boretioie wall. As a consequence of ttiis nested arrangement 

30 a relatively large borehole diameter is required at tiie upper part of ttie wellbore. Such 
a large borehole diameter involveis increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fiuid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations In hole 
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diameters driOed in the course of the well, and the large volume of cuttings dnHed and 
removed. 

Conventionally, at the surface end of the wellbore, a wellhead is fbrnied that 
typically includes a surfece casing, a nurvber of production and/or drilling spools, 
valving. and a Christmas tree. Typically theWellhead further includes a concentric 
arrangement of casings including a production casing and one or more intenmeidiate 
casings. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and constmction of wellhrads is. expensive and 
complex. 

Conventionally, a wellbore casing cannot be fonned during the drilling of a 
wellbore. Typically, the wellbore is drilled and then a wellbore casing is fonmed in the 
newly drilled section of the wellbore. Thfe delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming weilbores and wellheads. 

Summary 

According to another embodiment of the present invention, a method of 
expanding a tubular member is provided that includes placing a n^ndrel within the 
tubular member, pressurizing an annular region within the tubular niember above the 
mandrel, and displacing the mandrel with respect to ttie tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular rhember is provided that includes a first tubular member, a 
second tubular nWmber positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing ah internee between the 
second and third tubular membere, and a mandrel positioned within the first tubular 
member and coupled to an end of the third tubular member. 

According to another embodiment of the present invmtton, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 
the tutxjlar member positioned within the tubular member, and an annular chamt)er 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids put of the tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting structure. The tubular noember is coupled to the preexisting structure by 



the process ctf: positioning the tubular member In an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, pressurizing an . 
annular region , within the tubiilak' memt)er above the mandrel, and displacing the ^ 
mandrel with respect to the tubular member. 

■ ■ t 

5 According to another embodiment of the present Invention, a method of 

expanding a tubular member Is provided that includes preforming the tubular member 

to include a first portion, a second portion, and a third portion, placing a mandrel within 

the second portion of the tubular member, pressurizing a region within the tubular 

member; and displacing the mandrel with respect to the tubular member. The inside 

10 diameter cA the second portion of the tubular member is greater than the inside 
diameters of the first and third portions of the tubular member 

According to arK)ther embcxliment of the present Inventic^, an apparatus for 
radially expanding a tubular number is provided that includes a first tubular m«iiber» 
second tubular member coupled to the first tubular member, a third tubular member 

15 coupled to the second tubular member, and a mandrel positioned within the second 
tubular member and coupled to an end portion of the third tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular members. 

According to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular number having first, second, and third portions, a 
piston adapted to expand the diameter of the tubular member positioned within the 
second portion of. the tubular member, the piiston including a passage for conveying 
fluids out of the tubular member. The inside diameter of the second portion, of the 
tubular member is greater than the inside diameters of the first and th^^ 

25 tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
the process of: prefcmning the tubular member to include first, second, and third 

30 portions, positioning the tubular nnember in an overlapping relationship to the 
preeJdsting structure; placing a mandrel within the second portion of the tubular 
memben pressurizing an interior region within the tubular member, and dispiadng the 
mandrel with respect to the tubular member. The inside diameter of the second portton 
of the tubular member is greater than the inside diameters of the first and third portions 

35 of the tubular member. 
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The present embodiments of the invention provide methods and apparatus for 
fbmiing and/or repairing wellbore casings, pipelines., and/or structural supports by 
radally expanding tubular members. In this manner, the fbm»lfon and repair of 
weBbore casings, pipelines, and structural supports is improved. 

Brief Description of the Drawings 
FIG. la is a fragmentary cross-section Illustration of an embodimant of an 
apparatus and method for expanding tubular members. 

FIG. lb is another fragmentary cross-sedional illustration of the apparatus of 
FIG. la. KH« u«iw 

FIG 1 fragmentary cross-secUonal illustration of the apparatus of 

FIG. 2a is a fragmentary cross-section Illustration of an embodiment of an 

apparatus and method for expanding tubular members. 

FIQ. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. .2a • . . - 

FIG. 2c Is another fragmentary cross^ectional illustration of the apparatus of 
FIG. 2a 

FIG. 2d IS another fragmentary cross-sectional Hlustration of the apparatus of 
FIG. 2a. 

20 FIG. 2e Is another fragmentary cross-sectional illustration of the apparatus of 

FIQ. 2a 

Detailed Description of the Illustrative Embodiments 
Referring now to RGS. 1a. lb and. 1c. an apparatus 100 for expanding a 
tubular member will be described. In a praferrad embodiment, the apparatus 100 
Includes a support member 105. a packer: 110. a firat fluid conduit 115. an annular fluid 
passage 120. fluid inlets 125. an annular seal 130. a second fluid conduit 135. a fluid 
passage 140. a mandrel 145. a mandrej launcher 150, a tubular member 155. «llps 
160. and seals 165. In a preferred embodiment, the apparatus 100 is used to radially . 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
fcxm a wellbore casing, line a wellbore casing, fom, a pipefine. line a pipeline, fbmi a 
structural support member, or repair a welibore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 155 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
35 rnandrel launcher 150. The support memberl 05 preferably is a tubular member 
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fabricated from any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, low altoy steel, carbon steel, or stainless 
steel. The support member 105 Is preferatily selected to fit through a preexisting 
section of weilbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 170. In a prefened embodiment, the support member 105 is 
releasaWy coupled to the mandrel launcher 150. In this manner, the support member 
105 nray be decoupled finom the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The packer 1 10 is coupled to the support member 105 and the first fluid conduit 
115. The pack«- 110 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 115 and the inside surface of the support member 105. in this 
nwnner, the packer 110 preferably seals off and, in combination with the support 
mennber 105, first fluid conduit 115, second fluid conduit 135. and mandrel 145, defines 
an annular chamber 175. The packer 110 may be any number of conventional 
commerctaity available packers modified in accordance with the teachings of flie 
present disctosure. In a preferred embodiment, the packer 110 is an RTTS packer 
available firom Haliiburton Energy Services in order to optimally provkle high load and 
pressure containment capacity while also alk>wing the packer to be set and unset 
multiple tirhes without having to pull the packer out of the wellbore. 

The first fluid conduit 115 is coupled to the packer 110 and the annular seal 
130. The first fluW conduit 115 preferably is an annular member tobricated from any 
number of conventional commercially available materials such as, for example, oiifleki 
country tubular goods, low alloy steel, carbon steel, or stainless steel. In a preferred 
embodiment, the first fluid conduit 115 includes ohe or more fluid inlets 125 for 
conveying fluidte materials flrom the annular fluid passaige 120 into the chamber 175. 

The annular fluid passage 12P is defined by and ^Kloned between the interior 
surface of the first fluid wndiiit 1 15 and the. Interior surface of the second fluid conduit 
135. The annular fluid passage 120 Is preferably adapted to convey fluidic materials 
such as cement, water, epoxy, lubricants, and slag mix at operating pressures and flow 
rates ranging from about 0 to 3.000 gallons/minute and 0 to 9,000 psi in order to 
optimally provide flow rates and operattonal pressures for the radial expansion process. 

The fluid inlets 125 are positioned in an end portfon of the first fluid conduH 115. 
The fluid inlets 125 preferably are adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates ranging 
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from about 0 to 9.000 psi and 0 to 3.000 galtons/mirajte in onier to optimally provide 
flow rates and operational pressures for the radial expansion pmcass. 

The annular seal 130 is coupled to the first fluid conduit 115 and the second 
fluid conduit 135, The annufar seal 130 preferably provides a fluid seal between the 
interior surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal betweeri the int^or 
surface of the first fluid conduit 1 15 and the exterior surfece of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
available seals such as. for example. O-rings. polypak seals, or metal spring energized 
seals. In a preferred emtxxliment. the annular seal 130 is a polypak seal available 
from Pari(er Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 146. The second fluid conduit preferably is a tubular member fabricated from 
any number of conventtonai commercially available materials such as. for example, 
colled tubing, oilfield country tubular goods, low alloy steel, stainless steel, or low 
carbon steel, in a preferred embodiment, the second fluW conduit 135 is adapted to 
convey fluMic materials such as cement, water, epoxy. lubricants, and slag mix at 
operating pressures and.flow rates ranging from about 0 to 9.000 psi and 0 to 3 000 
20 gaUonsAninute in order to optimal^ provide flow rates and operational pressures for the 
radial expanston process. 

The fluid pass^e 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a pref^ embodiment, the fluM passage 140 is adapted to convey 
fluMIc materials such as cement, water, epoxy, lubricante. and slag mix at. operating 
pressures and flow rateis ranging from ^ut 0 to 9.000 psi. and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radel expanston process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launch^ 150. The mandrel 145 preferably are an annular member having a conic 
section fabricated from any number of conventional commercially availat>te materials 
such as. for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength alloys. In a preferred embodiment, the angle of the cpnic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular mernber 155 in the radial direction. In a preferred 
embodiment, the suriace of the conic sedkwi ranges from about 58 to 62 Rockwell C In 
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order to opflmaily provide high yield strength. In a preferred emlxxJiment, the 
expansion oone 145 is heat treated in order to optirnally provide a hard outer surface 
and a resilient interior t>ody in order to optimaBy provide abresion resftetanoe and 
fracture toughness, in an alternative endxxliment, the mandrel 145 is expendible in 
5 order to further optin^aHy augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support mender 105. the mandrel 
145, and the tutelar member 155. The mandrel launcher 150 preferably are a tubular 
nr»mber having a variable cross-secHon and a reduced wall thido^ess in Oder to 
facilitate the radial expansion process. In a preferred embodiment the cross-sectional 
10 area of the mandreJ launcher 150 at one end is adapted to mate with the mandrel 145, 
and at the other end, the aoss-seoUonal area of the mandrel launcher 150 is adapted 
to match the cross-S€ictlonal area of the tubular member 155 In a preferred 
embodiment, the wail thiclcness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thidcness of the tubular member 155 in order ttf facilitate the initiation 
IS of the radial expansion process. 

The mandrel launcher 150 may be faibricated from any nuntf)er of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low allow steel, stainless steel, or cartion steel. In a preferred embodiment, the 
mandrel launder 150 is fabricated from oilfield country tubular goods having higher 
20 strength but lower wall thidcness than the tubular member 155 in order to optimally 
mateh the buret strength of the tubular member 155. In a prafenred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed fnm the wellbore 180 upon the 
completion of an exthjsion operation. 
25 in an alternative embodiment, the support member 105 and the mandrel 

launcher 150 are integrally fornied. . In this attemative embodiment, the support 
member 105 preferably terminates above the top of the packer 110. In thte alternative 
embodiment, the fluid conduits 115 ^d/or 135 pn>vide structural support for the 
apparatus 100, using the packer 1 1 0 to couple together the elements of the apparatus 
30 100. In this alternative emt)odiment, in a preferred embodiment, during the radial 
expansion process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to the previous casing 170, within the tubular 
mernlier 155, between radial expansion operatfons. In this manner, the packer 110 is 
moved downhole and the apparatus 100 is re-stroked. 
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The tubular member 155 is obupled to the mandrel launcher, the slips 160 and 
theseais 165. Thetubularmember 155 preferably is a tubular rrwri^r fabricated from 
any number of conventional commerdalty available materials such as. for example, lovy 
alloy steel, carbon steel, stainless steel, or oPfield counby tubular goods. In a preferred 
embodiment, the tubular rnember 165 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubufar member 155. 
The slips 160 preferably are adapted to couple to the Interior walls of a casing, pipeline 
or other stmcturd upon the rediai expansion of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 
The sRps 160 may be any number of oonventlorial commercially available slips such 
as. for example. RTTS packer tungsten carbide slips. RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten canMa upper 
mechanical slips. In a prefened embodiment, the slips 160 are RTTS packer tungsten 
carbkle mechanical slips available from Halliburton Energy Services. In a preferred 
embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750.000 Ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provMe a fiuMIc seal between the outside surface df the 
expanded tubular rnember 155 and the Interior walls of a casing, pipeline or other 
20 structure upon the radial expansion of the tubular member 165. In tiiis manner, the 
seals 165 provkJe a fluidic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional coriimerdaily available seals such as, for example, 
nitrile mbtter, lead. Aflas rubber. Tefton. epoxy. or other elastomers. In a preferred 
embodiment, the seals 165 are robber seals available from numerous commerdal 
25 vendors in order to optimally provkJe pressure sealing and k»d bearing capacity. 

During operation of the apparatus 100, ttie apparatus 100 is preferably towered 
into a wellbore 180 having a preexisting section of wellbore casing 170. In a preferred 
embodiment, the apparatus 100 is positioned with at least a portion of^ the tubulaf 
member 155 overlapping with a portkwi of the wellbore casing 170: In this manner, the 
30 radial expansion of the tubular member 1 55 will preferably cause the outsWe surface of 
the expanded tubular number 155 to couple with the insWe surface of the wellbore 
casing 170. In a prefenBd embodiment, the radial expanston of the tubular member 
165 win also cause the slips 160 and seals 165 to engage with the interfor surface of 
the wenbore casing 17Q. In this manner, the expanded tubular member 155 is provkled 
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with OThanoed structural support by the slips 160 and an enhanced fluid seal by the 
seate165. 

As Illustrated in FIG. lb, after placement of the apparatus 1 00 in an overlapping 
relationship with the wellbore casing 170. a fluidic material 185 is preferably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
preferred embocfiment, the fluidic material Is pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
galkms/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operating 

10 pressure within the chamt)er 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the nrtandrel launcher 150 and tubular 
n)emt)er 155 off of the ^ce of the mandrel 145. The extrusion of the mandrel launcher 
150 arKj bibular member 155 off of the face of the niandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubiitar 
member 155 to expand in the radial direction. 

In a preferred emtxxiiment, the pumping rate and pressure of the fluidic 
material 185 is reduced during the latter stages of the extrusion process in order to 
minimfaEe shock to the apparatus 100. In a preferred embodiment the apparatus 100 

20 includes shock absorbers for absorbing the shock caused by the completion of the 
extvwton process. 

In a prefenred embodiment, the extrusion process causes the mandrel 145 to 
nrKive in an axial direction 185/ During the axial movement of the mandrel, in a 
preferred embodiment, the fluki passage 140 conveys fiuidicmaterlal 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. In this manner, the operational 
efficiency and speed of the extrusion process is enhanced. 

In a preferred embodiment, the exbrusion process includes the injection of a 
hardenable fluidic material into the annular regbn between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 the expanded tubular meniber 155 and the interior walls of the wellbore 1 80. 

As illustrated in FIG. 1c, in a prefen-ed embodiment, upon the completion of the 
extruskxi process, the supfwt member 105. packer 110, first fluid conduit 115, annular 
seal 130. second fluid conduit 135. mandrel 145. and mandrel launcher 150 are moved 
from the wellbore 180. 



10 



10 



15 



In an altemative embodiment, the apparatus lOO Is used to repair a preexisting 
wellbore casing or pipeline. In this altemative embodiment, both ends of the tubular 
niember155 preferably include slips 160 and seals 165. 

In an altemative embodimimt. the apparatus 100 is used to form a tubular 
stmctural support for a building or oflishoiB structure. 

Referring nov. to FIGS. 2a. 2b. 2c 2d. arid 2e. an apparatus 200 for expanding 
a tubular member will be described. In a prefened embodiment, the apparatus 200 
includes a support member 205. a mandrel launcher 210. a mandrel 215. a firet fluid 
passage 220. a tubular member 225. sOps 230. seals 235. a shoe 240. and a second 
fluid passage 245. In a preferred embodiment, the apparatus 200 is used to ladlally 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
apparatus 200 may be used to form a wellbore casing, line a wellbore casing, fomi a 
pipeline, fine a pipeline, form a stmctural support member, or repair a wellbore casing, 
pipeline or strudural support member, in a preferred embodiment, the apparatus 200 
is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
fhember. 

.The support member 205 is preferably coupled to the mandrel launcher 210. 
The support member 206 preferably Is a tubular member fabricated from any number 
of comwntional oonnmercially avaiiable materials such as. for example, oilfield country 
tubular goods, low alloy steel, carbon steel, or stainless steel. The support member 
205, the mandrel launcher 210. the tubular member 225. and the shoe 240 are 
preferably selected to fit through a preexisting section of wellbore casing 250. in this 
manner, the apparatus 200 may be positioned within the weilbdie casing 270. In. a 
preferred embodiment, the support member 205 is reieasably coupled to the mandrel 
25 launcher 210, In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completion of an extriision operation. 

The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular riiember 
having a variable cross-section and a reduced wall thickness in order to fediitate the 
radial expansion process. In a preferred embodiment, the cross-sedional area of the 
mandrel laundier 210 at one end is adapted to mate with the mandrel 215. and at the 
other end, the cross-sedional area of the mandrel laundier 210 is adapted to match 
the cross-sectional area of the tubular member 225. In a prefened embodiment, the 
waO thidmess of the mandrel laundter 210 ranges from about 50 to 100 % of the wall 
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thidcness of the tubular member 225 m order to facilitate the Initiation of the radial 
expansion process. 

The mandrel launcher 210 may be fabricated from any number of conventional 
commerdally available materials such as, for example, oilfield country tubular goods, 
5 tow altow steel, stainless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 210 \s fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the' tubular member 225 in order to optimally 
match the burst strength of the tubular member 225. In a prefen^d embodiment, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 
10 manner, the mandrel launcher 210 may be removed from me wellbore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of oonventionai commerdally available materials such as, for example, machine tool 
15 steel, ceramics, tungsten cartjide, titanium or other high strength alloys. In a prefened 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 In the radial direction. In a preferred embodiment, the surface of the conic 
secOon ranges from about 58 to 62 Rockwell C in order to optimally provWe high yIekJ 
20 strength. In a prefenned embodiment, the expansion done 215 is heat treated In order 
to optimally pro^^de a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. In an alternative 
embodiment, the mandrel 215 is expendible in order to further optimally augment the 
radial expansion process. 

The fluW passage 220 is positioned within the mandrel 215. The fluid passage 
220 is preferably adapted to convey fluldk; materials such as cement, water, epoxy, 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
9.000 psi and 0 to 3.000 galtons/mlnute In order to optimally provide flow rates and 
operational pressures for the radial expansion prt>cess. The fluid passage 220 
preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fluldicly isolated 
from the interior chamber 275 below the mandrel 215, 

The tubular member 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
from any number of conventional conrvnerclally available materials such as, for 
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sample, low alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. 
In a preferred embodiment, the tubular member 225 is fabricated from oilfieid country 
tubular goods. 

The slips 230 are coupled to the outside surftioe of the tubular member 225. 
The slips 230 preferably are adapted to couple to the interior waUs of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional commercially available sDps such 
as. for example. RTTS packer tungsten carbide mechanical slips, RTTS packer wicker 
type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical sfips. in a preferred embodiment, the slips 230 are adapted to support 
axial forces rangmg from about 0 to 750.000 Ibf. 

The seals 235 are coupled to the outskJe surface of the tubular member 225. 
The seals 235 preferably provide a fluidic seal between the outsMe surface of the 
expanded tubular member 225 and the interior walls of a casing, pipeline or other 
stnjcture upon the radial expansion of the tubular member 225. In this manner, ^he 
seals 235 provide a flukJic seal for the expanded tubular meitiber 225. The seals 235 
may be any number of conventional commerdally available seals such as, for example. 
rttrBe hjbber. lead. Aflas rubber. Teflon, epoxy or other elastomers. In a preferred 
20 embodiment, the seals 235 are conventtonal rubber seals available fibm various 
commerdal vendors In order to optimally provide pressure sealing and toad bearing 
capacity. 

The shoe 240 is coupled to tl}Btubularnfjember 225. The shoe 240 preferably 
is a substantially tubular member having a fUM passage 245 for conveying fluidic 
materials from the chamber 275 to the annular regfon 270 outside of the apparatus 
200. The shoe 240 may be any number of oonventionai oonwnerciaily available shoes 
such as. for example, a Super Seal II float shoe, a Super Seal II Down-Jet float ^hoe, 
or a guide shoe with a seajing sleeve for a latch down plug modified In accordance wHh 
the teachings of the present disctosure. In a preferred embodiment, the shoe 240 Is an 
aluminum dovflvjet guide shoe witti a sealing sleeve for a latch down plug, available 
from Halliburton Energy Services, modified in accordance y/m the teachings of the 
present disctosure. in order to optimally guide the tubular member 225 in the weHbore. 
optimally provide a fluidic seal between the interior and exterior diameters of the 
overiapping joint between the tubular members, and optimally facilitate the complete 
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drilling out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. 

During operation of the apparatus 200, the apparatus 200 Is preferably lowered 
into a wellbore 260 having a preexisting section of weilbbre casing 275.. jn a preferred 
erTdx>diment« the apparatus 200 is positiohed with at least a portton of the tubular 
member 225 overlapping with a portion of the wellbpre casing 275. In this manner, the 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. In a preferred embodiment, the radial expansion of the tubular member 
225 will also cause the sfips 230 and seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular memt)er 225 is provided 
with enhanced stnjctiiral support by the slips 230 and an enhanced fluid seal by the: 
seats 235. 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overtapping 
relationship with the wellbore casing 275, a fluidic material 280 fs preferably pumf^ed 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275. through the fluid passage 245, and into the annular region 270. in a preferred 
embodiment, the fluidic material 280 Is pumped into the chamber 270 at operating 
pressures and flow rates ranging firom about 0 to 9.000 psi and 0 to 3,000 
gallons/hninute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. In a preferred embodlmiBnt, the fluidic material 280 is a 
hardenaWe fluidic sealing material in order to form a hardened outer annular member 
around the expanded tubular member 225. 

As illustrated in FIG. 2c, at sorrte later point in the pnocess, a bail 285, plug or 
other similar device, is introduced into the punv)ed fluidic material 280. In a preferred 
embodiment, the ball 285 mates with and seals off the inlet 265 of tiie fluid passage 
220. In this manner, the chamber 270 is fluididy isolated from the chamber 275. 

As illustrated in FIG. 2d. after placement of the ball 285 in the inlet 265 of the 
fluid passage 220, a fluidic material 290 pumped into the chamber 270. The fluidic 
material is preferably pumped into the chancer 270 at operating pressures and flow 
rates rar^ing from about 0 to 9,000 psi and 0 to 3.000 galtons/minute in order to 
provide optimal operating efficiency. The fluidic rhateriar290 may be any number of 
conventional commercially available materials such as, for example, water, drilling 



mud. (wnent. epoxy. or slag mix. In a preferred embodiment, the fluidic material 290 is 
a non4jardenable fluidic material in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases the operating pressure within the chamber 270. The increased operating 
5 pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
exlmsion of the mandrel launcher 21 0 arid tubular member 225 off of the conical faqe 
df the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand In the radial direction. Continued pumping of the fluidic material 290 preferably 
10 causes the entire length of the tubular member 225 to expand In the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 290 Is reduced during the latter stages of the extrusion process in order to 
minimlzB shock to the apparatus 200. In a prefen-ed embodiment, the apparatus 200 
includes shock absorbers for absorbing the shock caused by the comptetfon of the 
15 extrusion process. In a preferred embodiment, the extnjsion process causes the 
mandrd 215 to move in an axial directior) 295. 

As iilustraled in RG. 2e. in a prefened. embodiment, upon the completton of the 
extrusion process, the support member 205. packer 210. first fluid conduit 215. annular 
seal 230. second fluid conduit 235. niandrel 245. and mandrel launcher 250 are 
removed from the %vellbore 280. In a preferred embodiment, the resulting new section 
of weBbore casing Includes the preexisting weUbore casing 275. the expanded tubular 
member 225. the slips. 230. the seals 235. the shoe 240. and an outer annular layer 
4000 of hardened fluidic material; 

In an alternative erhbodiment the apparatus 200 is used to repair a preexisting 
i wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an alternative embodiment, the apparatus 200 is used to form a tubular 
stmctural support for a building or offshore structure. 

In a prefened embodiment the tubular members 105 and 225; shoes 240; 
expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provkted substantially as described in one or more of the following U.S. patent 

applications: (1) utility patent application number _, attorney docket 

number 25791.9.02. flied on 11-16-1999. which claimed the benefit of the filing date of 
provisional patent applteatton number 60/108.558. attorney docket number 25791.9. 
filed on 11-16-1998; (2) utility patent application number. , attorney docket 
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nunter 25791.3.02. filed on 12-3-1999, w^ich claimed the benefit of the filing date of 
provisional patent application number 60/111.293, attorney docket number 25791 .3i 

filed on 12-7-1998; (3) utility patent applkatkm number , attorney docket 

number 25791 .6.02. filed on 2-10-2000, which claimed the benefit of the filing date of 
provisional patent applicatioh number 60/119,611. attorney doctet number 25791.8. 
filed on 2-11-1999; (4) provisional patent application numtier 60/121,702. attorney 
docket number 25791.7. filed on 2-25-1999; (5) provisionai patent application number 
60/121,841. attc»ney docket number 25791.12. filed on 2-26-1999; (6) provfelonal 
patent application number 60/121.907, attorney docket number 25791.16, filed on 2- 
26-1999; (7) provisional patent application number 80/124,042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent application number 60/131.106, 
attorney dodcet riumber 25791 .23, filed on 4-26-1999; (9) provisional patent application 
number 60/137,998. attomey docket number 25791 ;17. filed on 6-7-1999; (10) 
provisional patent application number 60/143,039, attomey docket number 257i91.26, 
filed on 7-9-1999; (11) provisional patent applicatfon number 60/146,203. attomey 
doicket number 25791.25, filed on 7-29-1099; (12) provisional patent application 

nuxnber attorn^ docket number 25791.29, filed on 9-16-1999; (13) 

provisional patent appHcattoh number • attomey docket number 

25791.34. filed on 10-12-1999; (14) provlstonai patent application number 
attomey docket number 25791.36. filed on 10-12-1999; (13) provisional patent 
application number 60/159.033. attomey docket number 25791.37. filed on 10-12- 
1999; (15) provisional patent application number ■ ■ attomey docket 
number 25791.27. 'filed on 11-01-1999. Applicants Incorporate by. reference the 
disdosures of Ihe^ applications. 

Although illustrative, embodimants of the inventton have been shown and 
described, a wide range of modification, changes and substltutton is contemplated in 
the fbregoir^ disclosure. In some Instances, some features of the present inventton 
may be employed without a conespondihg i»e of ttie other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with thescope of the invention. 
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Cierims 

1. A method of coupling a tubular member to a preexisting stnicture, comprising: 

positioning the tubular member in an overlapping relationship to the preexisting 
stiuciure; 

5 P'adrig a mandrel within the tubular member 

sealing off an annular region within the tubular member above the mandrel by 
seaHng a stationary member and seaHng a non-stationary mwnber, 
pressurizing the annular regton; 

displacing the mandrel virtth respect to the tubular memlien and 
10 removing fluids within the tubular member that are displaced by the 

displacement of the mandrel by passing the removed fluids inside of the annular 
region. 

Z An apparatus for coupling a tubular member to a preexisting stnjcture, 
■ 15 comprising: 

means fpr positioning the tubular rnember in an overlapping relationship to the 
preexisting structure; 

nr»ans for pladng a mandrel within the tubular member, 
means fw sealing off an annular region within the tubular member above the 
20 mandrel by sealing a sts^ionafy member and sealing a non-stationary member; 
means for pressurbdng the annular region; 

means for displacing the mandrel with respect to the tubular member; and 
means for removing fluids within the tubular member that are displaced by the 
disptacement of the mandrel by passing the removed fluids inside of the annular 
25 region. 

3 An apparatifi for radially expanding a hjbular number, comprising: 
a first tubular memt>er; 

a second tubular member positioned within the first tubular rnemben 
30 a third tubular member movably coupled to and posittoned within the second 

tubular member; 

a first annular sealing member for sealing an interface between the first and 
second tubular members; 

a second annular sealing member for sealing an interface between the second 
35 and third tubular members; . 
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a mandrel positioned within the first tubular member and coupled to an end of 
the third tubular member, . 

an annular chamber defined by the first tubular member, the second tubular 
member, the third tubular member, the first annular sealing member, the second 
annular sealing mernber, and the mandrel; 

a fluid passage defined by the third tubular member and the mandrel fluldldy 
coupled to an interior region of the first tubular member below the mandrel; and 

an annular passage defined by the second tubular member arid the third tubular 
member fluldldy coupled to the annular chamber. 



4. An apparatus, comprising: 
a first tubular member; and 
. a second tubular memt)er coupled to first tubular member by the process of: 
positioning the second tubular member in an overlapping relationship to the first 
IS tutHJiar rnemt>er; 

placing a mandrel within the second tubular member, 
sealing off an annular region within the second tubular member above the 
mandrel by sealing a stationary member and sealing a non-stationary member; 
pressurizing the annular region; 
20 displadng the mandrel with resped to the secmd tubular member, and 

removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel by passing the removed fluids inside of the annular 
region. 
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